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Abstract

The ‘stress response,’ or how an animal responds to external stressors, transpires from a litany of
external factors. Past research has examined this response in captive sifakas and wild sifakas
without making a direct comparison between these two groups. By using competition over space
as a measure of stress, behavioral and hormonal data were gathered in the wild at the Tsinjoarivo
Forest (19°40.940S, 47°45.460E; 1,590 m) of Madagascar and in captivity at the Duke Lemur
Center to assess differences between less and more competitive sifakas to determine how
competitiveness and sex influence behavior and cortisol production. The hypotheses of this
study are 1) daily activity budget will be more varied and cortisol production in captive sifakas
will be higher given food competition and reduced space 2) in both populations, daily activity
budget will be more varied and cortisol production should be higher in larger groups versus
smaller groups and 3) given the added responsibilities of child-rearing and territory defense,
there should be a main effect of sex across both groups with females having increased activity
budget and higher cortisol levels. The results revealed a significantly more varied activity
budget in the captive sifakas, but no significant difference in cortisol production.

CORTISOL IN SIFAKAS

3

Exploring the Relationships Between Stressors and Cortisol Production in Captive and Wild
Sifakas
The “stress response,” or how an animal responds to external stressors, transpires from a
litany of external factors. Such factors can include social relationships both within and between
groups, ecological reasons including diet and disease, or environmental reasons like habitat
depletion or predation. Often, this association between stressors and the stress response becomes
muddled, leading to an incorrect conclusion that both stressors and the subsequent stress
response (usually labelled the ‘fight, flight, or freeze’ response) are inherently bad (Beehner and
Bergman, 2017). Indeed, stressors can be negative in nature, for example, an oncoming predator
is perceived as a threat to an animal’s fitness. However, this does not mean that the stress
response itself is negative, for it motivates the animal to evade predation. It is when the stress
response becomes persistent, or chronic, that it begins to negatively impact an animal’s health. A
wide range of physical ailments have been attributed to chronic stress response, including high
blood pressure, diabetes, compromised immunity, diminished fecundity, and mood disorders
(Sapolsky, 2005). Understanding the stress response and its transition from adaptive to
maladaptive is crucial to assessing the health and population viability of animals as they face
such external factors such as habitat disturbance, food scarcity (in the wild), or forced encounters
and reduced personal space (in captivity).
H-P-A Axis
The stress response arises from the hypothalamic–pituitary–adrenal axis (HPA axis)
whose activation results in the hormonal cascade and release of metabolic steroids
(glucocorticoids) (Beehner and Bergman, 2017). This hormonal cascade results in the inhibition
of non-necessary bodily functions and diverts energy to those vital to survival (i.e. inhibits
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appetite and bolsters muscle response so that an animal may evade predation). In the case of the
‘freeze’ response, an animal that relies on camouflage to evade predation may inhibit muscular
activity to better blend into its surrounding environment. Eventually, a negative feedback of
hormones ends the stress response, but in animals facing persistent stressors, this response does
not end, leading to the previously mentioned ailments and impacting cardiovascular health
negatively. The occurrence of the chronic stress response is the focus of this study.
For this study, cortisol will serve as a proxy for stress. Cortisol production naturally
fluctuates across seasons for many taxa, with increased production during breeding season
because group success shifts from territory defense to reproduction (Brockman, Whitten, Russell,
Richard, & Izard, 1995; Brockman, Cobden, & Whitten, 2009), making the fluctuation in cortisol
adaptive. However, outside of reproduction and evading predation, cortisol production has
negative associations. Increased cortisol production is associated with social instability
(Brockman, Whitten, Richard, & Benender, 2001), social pressure (Gould, Ziegler, & Wittwer,
2005), aggression (Muller & Wrangham 2004), and age (Sapolsky, Krey, & McEewen 1986).
For this study, the most suitable means of cortisol sample collection is fecal because it is the least
invasive and has been utilized previously in determining stress response among sifakas,
specifically Propithecus verreauxi (Brockman, Cobden, & Whitten, 2009; Fichtel, Kraus,
Ganswindt, & Heistermann, 2007). Specifically, Fichtel et al. (2007) found higher cortisol levels
in males during the reproductive season and Brockman et al. (2009) found higher cortisol among
the breeding males in the presence of infants. While both studies showed an increase in male
cortisol, since this study is only examining the breeding males and females of each group, the
hypothesis that females will be higher is due to the added bodily stress of providing nourishment
for both the female and her offspring. Moreover, Ross (2017) found a trend for higher
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production in female sifakas versus male sifakas. Overall, the implementation of glucocorticoid
analysis should provide insight into the effect of stressors in P. diadema and P. coquereli as seen
in P. verreauxi.
Cortisol Study within Lemurs
Considerable research into glucocorticoids across a variety of taxa within lemurs
(Lemuriformes) has yielded many different insights into the stress response within these animals.
The examination of ring-tailed lemurs (Lemur catta) in both wild and captive settings have
revealed multiple understandings. Cavigelli (1999) found that while predation and food stability
do impact glucocorticoid production, the variable of mating season more so impacts production
of cortisol. These findings suggest that L. catta adapt quicker to everyday resource instability
and with greater ease and marked increase in cortisol production is associated with more
dramatic occurrences (i.e. evading predation). Fourie and Bernstein (2011) examined hair
cortisol levels in 2 L. catta from the Duke Lemur Center and found that, compared to
platyrrhines and catarrhines, strepsirrhines exhibit significantly lower levels of hair cortisol;
however, these researchers acknowledge a need for further research to confirm these findings.
Lastly, Gabriel, Gould, and Cook (2017) examined dense wild populations of L. catta and
discovered that fecal cortisol levels do not differ significantly between alpha and subordinate
males of the same group, but fecal cortisol levels of alphas between groups did differ
significantly. These studies of L. catta illustrate how multiple variables impact cortisol levels
within this taxon and further demonstrate lemurs’ ability to adapt given habitat depletion.
Additional research with other species of lemur have uncovered more insights into the
lives of these animals. Hämäläinen, Heistermann, and Kraus (2015), Rakotoniaina, Kappeler,
Ravoniarimbinina, Pechouskova, Hämäläinen, Grass, …, and Kraus (2016), and Rakotoniaina,
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Kappeler, Kaesler, Hämäläinen, Kirschbaum, and Kraus (2017) examined mouse lemurs
(Microcebus). These lemurs, specifically Microcebus murinus, exhibited significantly higher
levels of cortisol production in older individuals and more so in the dry season versus the wet
season. Interesting though, younger individuals did not exhibit a significant difference across
seasons, so as mouse lemurs age, the severity of environmental stressors becomes exacerbated
(Hämäläinen et al., 2016). Additionally, mouse lemurs also exhibit a high resilience to human
disturbance on their environment (Rakotoniaina et al., 2016) and their glucocorticoid levels
suggest a trade-off between high mortality rate and high reproductive success (Rakotoniaina et
al., 2017). Lastly, Ostner, Kappeler, and Heistermann (2008) examined red lemurs (Eulemur
fulvus rufus) and found the same trend as Gabriel et al. (2017) for this species as well. Clearly,
given the immense diversity within Lemuridae, further research is necessary to gain insight into
how stressors impact the health of these animals, especially in captivity.
Aim
The aim of my study is to assess behavioral and hormonal differences between less
competitive and more competitive breeding pairs of sifakas (i.e. smaller families and larger
families) both in the wild and captivity to determine how competitiveness and sex influence the
stress response (i.e. cortisol production). The hypotheses of this study are 1) daily activity
budget will be more varied and cortisol production in captive sifakas will be higher given food
competition and reduced space 2) in both groups, daily activity budget will be more varied and
cortisol production should be higher in larger groups versus smaller groups and 3) given the
added responsibilities of child-rearing and territory defense, there should be a main effect of sex
across both groups with females having increased activity budget and higher cortisol levels. This
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study should elucidate a potential scale for rating sifaka health and the degree to which various
zoological institutions are caring for these animals.
Method
Study Sites
Data collection on the wild sifakas (P. diadema) took place at the Sadabe site of Camp
Mahatsinjo in the Tsinjoarivo Forest (19°40.940S, 47°45.460E; 1,590 m) of Madagascar for 10
days between June 20, 2017 and July 1, 2017. Tsinjoarivo Forest is located southeast of
Antananarivo, the nation’s capital. The forest rests on Madagascar’s eastern escarpment,
dividing central plateau and eastern lowlands. For past 30 years, Mahatsinjo has become
increasingly fragmented due to human inhabitation encroaching on the forests’ western border
(Irwin, Junge, Raharison, & Samonds, 2010). Research occurred during the “dry” season, in
which the forest experiences its lowest temperatures and least rainfall during the year. Given the
assortment of environmental stressors, this region makes for a unique opportunity to study how
persistent resource depletion affects sifaka health.
Data collection on the captive sifakas (P. coquereli) took place at the Duke Lemur Center
(North Carolina, U.S.A.). Data collection occurred over 7 days between January 4, 2018 and
January 12, 2018. The colder weather during this time limits the lemurs’ range to indoor and
outdoor cages (provided temperature exceeds 41 degrees Fahrenheit, or 51 degrees for newborn
infants). Several buildings house the various lemur species at the Duke Lemur Center and each
vary in space. Aty-ala houses group 1 (Rupillia) and features 3 indoor cages, 2 small outdoor
cages, and 1 large outdoor cage. The Triplex houses group 2 (Rodelinda) and features 3 indoor
cages, 1 small outdoor cage, and 1 large outdoor cage. The dimensions of the cages are as
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follows: indoor cages and small outdoor cages are 10' high x 7.5' wide x 7' long and
large outdoor cages are 10' high x 7.5' wide x 14' long.
Subjects
For both the wild and captive sifakas, all females were nursing infants during the study,
although of the 4 groups, the infant in Rupillia’s group, Magdalena, was .65 years old at the time
of study and seldom nursed. The breeding males and females were the central foci of the study
and the basis of comparison for analysis. The wild sifakas (P. diadema) have been subject to
study in Tsinjoarivo since 2002 (Irwin et al., 2010; Irwin, Raharison, Raubenheimer, Chapman,
& Rothman, 2014; Irwin, Raharison, Raubenheimer, Chapman, & Rothman, 2015). Sifakas live
in small groups of no more than 10, typically consisting of 1 adult male, 1-2 adult females, and
several juveniles. Tsinjoarivo sifakas’ diet is primarily folivorous, with leaves constituting 53%
of feeding time (Irwin et al., 2014). The wild sifakas consisted of two groups, named for the
location of the camp, Mahatsinjo and abbreviated as MAHA 4 and MAHA 5 (also referred to as
FRAG4 and FRAG5 in Irwin et al., 2014; 2015). Collar variation served as the means of
identification in addition to the sifaka names, with females named Radio (RAD) and the males
named Black Gold (BG) for MAHA 4 and Blue Purple (BP) for MAHA 5.
The captive sifakas (P. coquereli) consisted of two groups. Group 1 (RUP) was
comprised of 3 members: 1 adult male (Luther), 1 adult female (Rupillia), and 1 infant female
(Magdalena). Group 2 (ROD) was comprised of 4 members: 1 adult male (Marcus), 1 adult
female (Rodelinda), 1 juvenile male (Wenceslaus), and 1 infant male (Eustace). ROD previously
included another juvenile female, Eleanor, which was the oldest of the three offspring; however,
due to intragroup aggression between Rodelinda and Eleanor following the birth of Eustace,
Eleanor was separated from the group. Because of this, Eleanor’s mass and the area of her cages
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were not included in the calculations for competitiveness for ROD despite communication and
contact (albeit through a fence) still occurring with Eleanor.
Data Collection
Data collection throughout the study was two-fold: behavioral and hormonal. Behavioral
data collection consisted of instaneous sampling of behavior type, height from ground, and
nearest neighbor at 5-minute intervals and continuous sampling consisting of the same variables
plus the duration of each behavior (measured in seconds). Behavior was divided into 9 separate
categories: alert, aggression, feeding, grooming, self-grooming, scent-marking, traveling, resting,
and out of sight. Of these 9, alert, aggression, feeding, grooming, self-grooming, and traveling
were the behavioral foci (Tables 1-3) because alert, feeding, and travel reflect the competition
over resources (e.g., space and food) whereas aggression, grooming, and self-grooming reflect
the anti/prosocial behavior that arises out of said competition (or lack thereof). It is important to
note that for the category of aggression, any aggressive behavior, even minute (e.g., swatting)
was counted in this category. Moreover, in cases of traveling, neither nearest neighbor nor
distance from the ground were recorded because in these moments, both are constantly changing.
All instances in which subjects were out of sight were not included in analyses.
Hormonal data is derived from fecal samples collected throughout the study. For P.
diadema, samples were collected in the field, packaged in aluminum foil, placed in individual zip
lock bags, and marked with subject, date, and time of sample. Due to a lack of refrigeration,
samples were oven-dried by campfire with temperature not exceeding 70 degrees Celsius. Since
sample size varied, the drying process ranged from 24 to 72 hours. Upon placement in
aluminum foil, samples were flattened to hasten the drying process and ensure even hormonal
distribution. Wild sifakas yielded 26 samples that were stored until processing in the United
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States. P. coquereli samples were dried using a Gourmia GFD1650 Food Dehydrator under the
same temperature; however, given the consistent heat and smaller feces of P. coquereli, drying
lasted only 12 to 18 hours in this setting. The captive sifakas produced 21 samples, producing a
total of 47 samples.
Data Analysis
Competitiveness. The study uses competitiveness to measure the differences of behavior
and fecal cortisol between the 4 groups: MAHA 4 and ROD (more competitive) in opposition to
MAHA 5 and RUP (less competitive). For P. diadema, competitiveness equaled total biomass
(kg)/home range (ha). For MAHA 4, the total home range (ha) was 49.14 and the biomass (kg)
was 27.2, leaving a calculated competitiveness of .5535 kg/ha. For MAHA 5, the total home
range (ha) was 36.21 and the biomass (kg) was 13.7, leaving a calculated competitiveness
of .3783 kg/ha. For P. coquereli, competitiveness equaled total biomass (kg)/home range (ft2).
The calculated competitiveness for ROD and RUP were 0.0404 and 0.0238, respectively. To
compare these groups directly, these scores were all converted to kg/m2 and these new
competitiveness calculations were: MAHA 4 = 0.00005535, MAHA 5 = 0.00003783, RUP =
0.256707301, and ROD = 0.435198722. Complete calculations for competitiveness and captive
home range may be found in the Appendix under Tables 4 and 5.
Glucocorticoids. Prior research has shown glucocorticoids serve as an indicator for stress
among primate groups (Abbott, Keverne, Bercovitch, Shively, Mendoza, Saltzman, … Sapolsky,
2003; Beehner & Bergman, 2017; Bonier, Martin, Moore, & Wingfield, 2009; Chapman et al.,
2006; Engh, Beehner, Bergman, Whitten, Hoffmeier, Seyfarth, & Cheney, 2006; Sapolsky, 2005;
Tecot, Baden, Romine, & Kamilar, 2012; Tecot, 2013). While these studies have fluctuated on
what means of obtaining glucocorticoid samples is best- (blood, fecal, or urine), there is a
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consensus that cortisol levels provide direct insight into how stressors affect the daily lives of
primates. For this study, the best means of cortisol sample collection was fecal because it is the
least invasive and has been utilized previously in determining stress response among sifakas,
specifically P. verreauxi (Brockman, Cobden, & Whitten, 2009; Fichtel, Kraus, Ganswindt, &
Heistermann, 2007). Specifically, Fichtel et al. (2007) found higher cortisol levels in dominant
males during the reproductive season and Brockman et al. (2009) found higher cortisol among
the breeding males when infants were present. While both studies show an increase in male
cortisol, since this study is only examining the breeding males and females of each group, the
hypothesis is that females will be higher is due to the added bodily stress of providing
nourishment for both the female and her offspring. Overall, the implementation of
glucocorticoid analysis should provide insight into the effect of stressors in P. diadema as seen in
P. verreauxi. For this study, hormonal analyses were conducted at the Brookfield Zoo using the
ENZO brand Enzyme-Linked Immunosorbent Assay (ELISA) kit. Extensive prior research has
been conducted with this kit, including research on primates (Lee, Obora, Bondonny, Toniolo,
Mivielle, Yamaguchi, …, & Goto, 2018). For further information, please visit their site
(http://www.enzolifesciences.com/ADI-900-097/corticosterone-elisa-kit/).
Results
Given the different amounts of time observed between the two populations, behavioral
analyses examined both the average daily activity budget and the average hourly activity budget
per day. For the continuous data, a Mann-Whitney test indicated that only two observed
behaviors, daily percentage of self-grooming, U = 16, p = 0.063, r = 0.45 and average feeding
counts per hour, U = 21, p = 0.172, r = 0.33 were not significantly statistically (p < .05) greater
for sifakas in captivity than those in the wild. All other behaviors were significant as daily
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percentages, total daily counts, and average hourly counts (Tables 6-8). These findings mean
that captivity not only affected both the duration and range of behaviors exhibited by the sifakas.
For the instantaneous data, a Mann-Whitney test indicated that captive sifakas had more
instances with a neighbor between 0m and 2m away (U = 0, p = 0.001, r = 0.83), between 2m
and 5m away (U = 7, p = 0.006, r = 0.67), between 5m and 10m (U = 3.5, p = 0.001, r = 0.79),
and more than 10m away (U = 0, p = 0.001, r = 0.83) which is not surprising given their reduced
range. Interestingly though, an additional Mann-Whitney test revealed that ROD and RUP
differed significantly with number of instances right next to another sifaka (U = 0, p = 0.028, r =
0.53) and with a neighbor within 2m (U = 0, p = 0.032, r = 0.52). Given the age differences
between their infant offspring and their varying degree of independence, this proximity is due to
a shared parental investment of grooming the youngest infant, Eustace, by Rodelinda and
Marcus.
An independent-samples t-test assessed the potential relationships between cortisol
production and competitiveness or sex. An independent-samples t-test indicated that scores were
not significantly different between wild and captive sifakas, t(45) = 0.113, p = 0.91, d = 0.03, nor
between sexes, t(45) = 1.16, p = 0.25, d = 0.34 (Tables 10-12). Further research is needed to
determine if insignificance is due to there truly being no difference between these populations or
if insignificance is due to small sample size.
Discussion
The findings of this study are two-fold, with behavioral and hormonal data yielding
contrasting results. While the behavioral analyses demonstrated a meaningful change in the per
hour daily activity budgets of captive lemur compared to wild lemurs, the hormonal analysis did
not show a significant difference in cortisol production between these two groups. As Anestis
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(2010) noted, cortisol production is an incredibly complex variable with a vast amount of
variance within the order Primates; especially so in females. The significance of the change in
the activity budget, specifically the change in feeding and aggression, reflect the way the captive
sifakas were fed. This group quickly burned through their food, especially fresh vegetation as
opposed to their dried food, referred to as ‘monkey chow,’ and the bouts of aggression reflect the
occasional dispute over which individual gets to eat the fresh vegetation, with males often
approaching females for want of their food and females responding with hostility. The
instantaneous results are not surprising given the confinement within a cage; however, it is
interesting to note that an increase in activity was observed in the captive versus wild (i.e. with
decreasing space), which is contra to Macedonia (1987) which noted an increase in activity from
indoor to outdoor environments. Interestingly though, there was a significant difference in
amount of time spent directly next to another sifaka between the two captive groups. This
behavior reflects the increased paternal investment between both the male and female to groom
their newborn infant whereas the infant in the other captive group is slightly older and seeks
independence. This finding coincides with Ross (2017) which showed the same pattern of an
increase in infant independence with age.
The hormonal analysis did not show significant differences in cortisol production
between environments and sexes. These results are due to a small sample size (n = 47). It is
worth noting that the results were approaching a trend (p = 0.25) for a difference between sexes
despite this small sample size. Again, these findings coincide with Ross (2017), which found a
trend for sex in cortisol production. Clearly, when considering the significant change in behavior
between these two groups and the possibility of a difference in hormone production between
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sexes, further research is necessary to determine the relationships between activity budget and
hormone production for sifakas.
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Appendix
Table 1: Average Daily Counts of Behavior
Behavior
MAHA4
MAHA5
36.8
46.8
Alert

ROD
186.7

RUP
143.6

Feeding

39.6

31.6

48.5

46.6

Traveling

23.0

18.4

95.7

103.0

Grooming

1.2

1.8

13.2

8.6

Self-grooming

0.6

6.2

7.75

10.6

Aggression

0.0

0.2

2.0

14.3

ROD
71.61

RUP
77.72

Table 2: Average Daily Percentage of Behavior
Behavior
MAHA4
MAHA5
42.94
43.96
Alert
Feeding

39.70

40.76

21.42

16.08

Traveling

9.42

8.18

4.45

2.88

Grooming

0.24

0.26

1.55

1.06

Self-grooming

0.13

1.61

0.54

0.60

Aggression

0.00

0.00

0.19

0.47

Table 3: Average Hourly Percentage of Behavior per Day
Behavior
MAHA4
MAHA5
ROD
44.49
36.46
53.69
Alert

RUP
43.88

Feeding

29.72

39.48

14.58

14.17

Traveling

17.85

22.50

24.83

31.65

Grooming

1.65

1.04

3.61

2.62

Self-grooming

0.06

0.52

2.41

3.29

Aggression

0.01

0.00

0.08

4.39
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Table 4: Competitiveness Calculations

MAHA4
MAHA5

Home Range size (ha)
Adults
5yr
49.14
2
36.21
2

RUP
ROD

Cage Dimensions (ft2)
Adults
5yr
423.5
2
371
2

4yr
1
0

3yr
1
0

4yr
0
0

2yr
1
0

3yr
0
0

Biomass(kg)
Est. kg/ha Est. kg/m2
0
27.2
0.5535 0.00005535
0
13.7
0.3783 0.00003783

1yr

Biomass(kg)
Est. kg/ft2 Est. kg/m2
1
10.1
0.0238 0.256707301
1
15
0.0404 0.435198722

1
1
2yr

0
1

1yr

0
0

Table 5: Duke Lemur Center Cage Areas
Captive Home Range Areas (ft2)
Indoor Large Outdoor
Small Outdoor Total
RUP
157.5
161
105
423.5
ROD
157.5
161
52.5
371
Outdoor cages (large): 10'Hx11.5'Wx14'L
Outdoor cages (small): 10'Hx7.5'Wx7'L
Indoor cages: 10'Hx7.5'Wx7'L
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Tables 6-8: Significance of Behavioral Analyses
Behavior (as Daily Percentage)
Aggression
Alert
Feeding
Traveling
Grooming
Self-grooming

p-value
U
Z
0.009
15
0.001
0
0.001
0
0.002
4
0.001
2
0.063
16

N
-2.62
-3.42
-3.42
-3.03
-3.23
-1.86

Behavior (Daily Count)
Aggression
Alert
Feeding
Traveling
Grooming
Self-grooming

p-value
U
Z
0.002
6
0.001
0
0.032
13
0.001
0
0.001
0
0.016
10.5

-3.17
-3.42
-2.15
-3.42
-3.44
-2.41

Behavior (Per Hour Count)
Aggression
Alert
Feeding
Traveling
Grooming
Self-grooming

p-value
U
Z
0.002
6.5
0.001
0
0.172
21
0.001
0
0.001
0
0.015
10

-3.11
-3.42
-1.37
-3.42
-3.42
-2.44

17
17
17
17
17
17

r (effect size)
0.64
0.83
0.83
0.73
0.78
0.45

17
17
17
17
17
17

r (effect size)
0.77
0.83
0.52
0.83
0.83
0.58

17
17
17
17
17
17

r (effect size)
0.76
0.83
0.33
0.83
0.83
0.59

N

N
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Figure 1: Hourly Activity Budget (by Day) for Wild Sifakas
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Figure 2: Hourly Activity Budget (by Day) for Captive Sifakas
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Tables 9 & 10: Cortisol Production by Environment

CORT
(ng/g)

Environme
nt
Wild
Captive

Group Statistics
N
Mean
26
21

1036.3382
1006.4495

Std.
Deviation
975.45094
797.22789

Std. Error
Mean
191.30167
173.96939

Independent Samples Test

CORT
(ng/g)

Equal
variances
assumed
Equal
variances not
assumed

F

Sig.

t

df

Sig. (2tailed)

Mean
Difference

Std. Error
Difference

.156

.695

.113

45

.910

29.88874

264.23308

.116

44.988

.908

29.88874

258.57625

95% Confidence Interval of
the Difference
Lower
Upper
-502.30401
562.08148

-490.91449

550.69196
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Tables 11& 12: Cortisol Production by Sex

Sex
CORT
(ng/g)

Group Statistics
N
Mean

Female
Male

28
19

1146.8319
840.4705

Std.
Deviation
984.58369
717.75566

Std. Error
Mean
186.06883
164.66444

Independent Samples Test

CORT_NGPERG

Equal
variances
assumed
Equal
variances
not
assumed

F

Sig.

t

.522

.474

1.161

1.233

df

Sig. (2tailed)

Mean
Difference

Std. Error
Difference

45

.252

306.36133

263.80130

95% Confidence Interval
of the Difference
Lower
Upper
-224.96176
837.68441

44.714

.224

306.36133

248.46727

-194.16590

806.88855

